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(57)Abstract: 

PURPOSE: To remove free hemoglobin in blood efficiently and selectively by utilizing porous 
glass with mean pore diameter of specified value which is packed into a column and made 
into a sterilizable adsorber by bringing in contact with hemoglobin contained in blood. 
CONSTITUTION: Porous glass used herein is formed by melting an alkali- borosilicate glass, 
then by heat treating in the region of transition temperature to obtain microfine phase- 
separation glass wherein one phase is dissolved to form fine pores under acid treatment. The 
average diameter of the fine pores of the obtained porous glass is 120&angst; or more. When 
the pore-size becomes too large, more amount of total protein is absorbed while lowering the 
adsorbing capacity of hemoglobin, therefore, the pore-size is preferably 500&angst; or below. 
By packing this adsorbent into a column provided with access openings for blood and by 
flowing blood continuously, the selective adsorption of hemoglobin can be performed. Since 
this enables the sterilization of bacteria through high temperature steam or radiation, the 
obtained adsorbent is suitable for medical treatment. 
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(57) [Claim(s)] 

[Claim 1] The adsorbent of the hemoglobin which an average pole diameter is 120A or more, and 
is characterized by consisting of porous glass 500A or less. 
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[Detailed Description of the Invention] 
[Industrial Application] 

This invention relates to the adsorbent which can adsorb hemoglobin alternatively. It is related 
with the suitable adsorbent for the purpose which prevents that carry out adsorption treatment 
of the isolation hemoglobin in blood by extracorporeal circulation, and hemoglobin causes a 
harmful operation to a living body in more detail. 
[Description of the Prior Art] 

When it treats using blood extracorporeal circulation equipment like an artificial kidney or an 
artificial heart and lung, hemolysis may often be caused and various complication may be caused. 
One of the cause of this is based on the isolation hemoglobin which has carried out the 
transmigration into blood according to hemolysis. That is, although it combines with haptoglobin 
in blood, isolation hemoglobin serves as complex and it is processed by the reticuloendothelial 
system, if there are many amounts of hemolysis and they exceed processing capacity, 
hemoglobin will act as an organization toxic substance and will cause renal failure etc. Moreover, 
also by the hemolytic anemia which is a kind of an autoimmune disease, a lot of hemoglobin 
carries out the transmigration into blood similarly, and various failures are caused. When such a 
situation arises, it will be thought that a failure can be prevented if isolation hemoglobin is 
removable out of blood. It was [ that the approach by adsorption is only slightly examined about 
hemoglobin, and ] to be conventionally known as a means to remove the harmful matter in blood, 
although it was the approach of using semipermeable membrane, and the approach of using an 
adsorbent 

Having been conventionally known as an adsorbent for removing the isolation hemoglobin in 
blood combines haptoglobin with insoluble support. That is, hemoglobin is adsorbed using having 
the property which haptoglobin combines with hemoglobin alternatively. And such an adsorbent is 
indicated by JP,55-4417,B and JP t 56-51 780,B. 
[Problem(s) to be Solved by the Invention] 

Since the conventional adsorbent which combined haptoglobin with insoluble support uses a 
biochemical reaction, it is excellent in respect of alternative adsorption of hemoglobin. However, 
the approach of haptoglobin needing an advanced technique fixing to support, without 
inactivating this, since it is the matter of the living body origin obtained from human plasma etc. 
by carrying out separation purification, and being practical in the present condition is not found 
out And even if it has fixed comparing and maintaining activity, there was a phenomenon in 
which activity fell with the passage of time, and there was a problem in utilization. Moreover, 
since haptoglobin deactivated when it sterilized although it needed to sterilize beforehand when 
an adsorbent was used for a medical— application way, it had the fatal fault that sterilization was 
impossible. 

The purpose of this invention is easy to manufacture and it is to offer the adsorbent which can 
adsorb hemoglobin alternatively. Other purposes of this invention are to offer the possible 
hemoglobin adsorbent of sterilization. 
[Means for Solving the Problem] 

this invention persons found out that an average pole diameter was that to which porous glass 
120A or more can attain the above-mentioned purpose, as a result of performing various 
examination. That is, an average pole diameter is 120A or more, and this invention is the 
adsorbent of the hemoglobin characterized by consisting of porous glass 500A or less. 
Although it is not clear about the reason porous glass serves as an adsorbent which was 
excellent in hemoglobin, it thinks for a surface silanol group to cause hemoglobin and a certain 
interaction. Moreover, although porous glass shows the good adsorption capacity force when an 
average pole diameter is 120A or more, if this reason has a pole diameter smaller than this, a 
hemoglobin molecule cannot enter easily into pore, therefore it is considered because it is hard 
to adsorb. Moreover, although there is especially no clear limitation about the upper limit of a 
pole diameter, since the adsorption capacity force of hemoglobin will decline while adsorption of 
the quality of total protein increases if a pole diameter becomes large not much, a thing 500A or 
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less is desirable. 
[Function] 

Adsorption treatment of the hemoglobin is carried out by making the solutions (for example, 
blood etc.) which the adsorbent of this invention fills up a column with this, and contain 
hemoglobin contact. 
[The example of fruit ** ] 

After carrying out melting shaping of the alkali borosilicate glass, by carrying out acid treatment 
of the detailed phase-splitting glass obtained by heat-treating in a transition-temperature region 
further, the porous glass used in this invention dissolves one phase, forms pore, and, generally is 
used abundantly in fields, such as column chromatography. In this invention, such a usual 
product can be used as it is. Especially the configuration is not limited and a bead-like thing can 
also use the thing of the letter of crushing. Moreover, there is especially no limit also about 
particle size. 

Although especially the adsorbent of this invention is useful to removal of the hemoglobin in the 
blood by the extracorporeal circulation of blood, an adsorbent adsorbs hemoglobin in this case by 
filling up the column which has the inlet port and outlet of blood, and pouring blood continuously 
to this. Although blood can also contact whole blood directly in case it is contacted to an 
adsorbent, it separates plasma and a corpuscle with a plasma eliminator, mixes with a corpuscle 
again the plasma which only plasma was contacted to the adsorbent and processed it, and you 
may make it return it to the inside of the body. Moreover, in extracorporeal circulation, although 
an adsorbent can also use only it independently, it can also be used together with other blood 
extracorporeal circulation equipments, such as an artificial kidney and an artificial heart and lung. 
At this time, if an adsorption column is formed after an artificial kidney or an artificial heart and 
lung, it is effective, and an artificial kidney or an artificial heart and lung, and an adsorbent may 
be unified and used further. 

Although an adsorbent is used after it usually sterilizes when using for a medical-application way 
furthermore, as the sterilization approach, autoclave sterilization or radappertization is desirable. 
A concrete example explains this invention to a detail further below. 

Example 1 0.2g (the Wako Pure Chem make, trade name FPG-250, average pole diameter of 
223A) of commercial porous glass was mixed with 4ml hemolysis plasma (isolation hemoglobin 
concentration 205.3 mg/dl, nature concentration of total protein 6.5 g/dl), it shook at the room 
temperature for 2 hours, and isolation hemoglobin was made to adsorb. And it was 119.7 mg/dl, 
when plasma and an adsorbent were separated and the hemoglobin concentration in plasma was 
measured. That is., it means that adsorption treatment of difference 85.6 mg/dl with the initial 
concentration of hemoglobin is carried out, and 41.7% of hemoglobin adsorbed. Moreover, the 
nature concentration of total protein in the plasma after an adsorption test is 5.5 g/dl, and it 
means that it was adsorbed as quality of total protein. [ 15.4% of ] This result shows that the 
adsorbent of this invention can adsorb hemoglobin efficiently. 

Example of a comparison 1 When the same adsorption test as an example 1 was carried out 
using porous glass FPG-700 (average pole diameter of 700A), the surface coverage of 
hemoglobin was 8.1% and the nature surface coverage of total protein was 9.2%. 
Example of a comparison 2 The same adsorption test as an example 1 was carried out using 
porous glass FPG-100 (average pole diameter of 97A). Consequently, the surface coverage of 
hemoglobin was 3.5% and the nature surface coverage of total protein was 4.3%. 
It turns out that the average pole diameter of porous glass will have influenced adsorption of 
hemoglobin greatly if the result of an example 1, and the example 1 of a comparison and the 
example 2 of a comparison is compared, the adsorption capacity force will decline greatly if an 
average pole diameter is smaller than 120A, and the best result is obtained when an average pole 
diameter is 120-500A. 
[Effect of the Invention] 

If the adsorbent of this invention is used, adsorption treatment of the isolation hemoglobin in 
blood can be carried out efficiently and alternatively. Moreover, since it can sterilize by 
approaches, such as autoclave sterilization and radappertization, it is suitable for the medical- 
application way. 
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Furthermore, since the adsorbent of this invention can use commercial porous glass as it is, also 
easily [ manufacture ] and economically, it excels. 
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